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THE  QUESTION  C0NCERNIN6  THE  INACTI- 
VATION OF  VIRUSES  IN  THE  AIR 


R.  A.  Doitriyeva 

Institute  of  General  and  Coasnur.al 
Hygiene  Imeni  Syslna  ANN  USSR, 

Mete ot#  (submitted  15/H  1972 ) 

4 Although  the  role  of  the  air  medium  in  the  propagation  of 
respiratory  virus  infections  is  commonly  known,  tne  mechanist 
of  their  transmission  has  still  not  been  studied  completely. 
Respiratory  viruses  enter  the  air  during  the  coughing  and  sneering 
of  sick  people.  In  this  case  the  large  drops  of  aerosol  settle 
rapidly  and  the  fine  are  found  suspended  for  a long  tl.ce  and  are 
moved  by  air  currents  and  cause  diseases  In  susceptible  contin- 
gents. In  connection  with  this,  the  question  concerning  the 
influence  of  the  different  factors  of  the  lir  median  on  the 
Inactivation  of  viruses  in  an  aerosol  is  of  consideraole  interest, 
^cording  to  the  literature,  one  of  the  factors  which  affect 
the  inactivation  of  viruses  In  the  air  13  Uu-  relative  H > 

Thus  a number  o"  Investigators  noted  the  rapid  inactivation 
the  virus  of  influenza  at  moderate  and  high  Indices  of  relative 
humidity  U,  2,  S,  6,  IQ,  11  13 i-  Furthermore,  there  arc 

reports  concerning  the  effect  of  relative  humidity  on  the  virus 
of  parainf luenza  [l?j,  adenoviruses  [2,  l?’,  the  viruses  of 
poliomyelitis  [5,  6],  vesicular  stomatitis,  smallpox,  Venezuelan 
encephalomyelitis  and  the  virus  of  neasies  J,  6]. 
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We  studied  the  effect  of  the  different  indices  of  relative 
humidity  on  the  processes  of  inactivation  of  the  viruses  of 
parainfluenza,  respiratory-syncytial  virus,  adenoviruses, 
enteroviruses , and  the  virus  of  Newcastle  disease  in  the  droplet 
phane  of  an  aerosol. 

Experimental  investigations  were  conducted  on  the  following 
node  la  cf  viruses,  the  infectious  activity  of  which  was  expressed 
in  negative  logarithms : the  virus  of  parainfluenza  (type  3) 

6. *,-7.0  lg  / ;1  ^ respiratory— syncytial  (Randall  strain) 

i. 0-3-d  lg  2 ; tne  virus  of  the  Newcastle  disease 

(strain  Bw  ".0-7.5  lg  lED^^  2 adenoviruses  of  type  5 
(standard  ana  ? 5 f,  isolated  from  the  feces  of  people  afflicted 
with  infect! ;uz  hepatitis^  6.  5-7.0  Xg  C?E50/0'2  t ECHO  7.0  Xg 
C?E  - CPE  cytopathic  effect;  - I2D  expansion 

5 rJ  / v • * . *4  6 

unknown].  , i 

The  invest! nations  were  conducted  in  a 500  l experimental 
chamber, in  which  with  the  help  of  the  glass  sprayer  from  a 
p.ari  -v  ay s ten  for  2 mir.  a virus-containing  liquid  was  dispersed 
fiuw-rate  of  the  sprayer  was  0.37  ml/nin).  Samples  of  air  in  the 
amount  of  ?0  .*•  -ere  taken  witn  the  help  of  a Rechmennkly  bacteria 
crap  after  5 and  30  min,  1,  3*  5,  7 and  ?.b  hours  aft-sr  the  dis- 
persion cf  the  virus  suspension.  As  the  trapping  liquid  in  the 
bacteria  trap  i mi  of  medium  No.  199  with  antibiotics  (penicillin 
avi  ■ treptomy  • v?&3  used. 

The  c-:p..ra-ion  and  titration  of  viruses  in  the  samples  was 
i-r,e  by  the  standard  methods:  the  ECHO-7  virus  - on  the  initially 

t! ypsinized  culture  of  the  kidneys  of  monkeys,  the  viruses  of 
parainfluenza,  rtipiratory-syncytial  virus  and  adenoviruses  - 
on  the  transplanted  line  of  K«Ea  ceils,  the  virus  of  Newcastle 
liseute  - on  9-day  chick  embryos.  For  each  dilution  of  sample 
- test  tube:;  of  tissue  culture  or  4 chick  embryos  were  used. 

Final  results  were  considered  based  on  the  cytopathic  effect 
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with  adenoviruses  in  21-28th  days,  with  the  ECKO-7  in  10 

days,  with  respiratory-syncytia'  virus  for  10-12  days,  whereupon 
for  the  acceleration  of  the  appearance  cf  the  cytop  .!■*  effect 

the  replacement  of  the  nedlt.n  in  the  infectei  tent  a vf.i:= 
done  every  5 days  [3].  Por  the  determination  cf  the  parainf luei: 
\'Lr\-i  on  the  7th  day  after  inf  ot ion  the  reaction  of  hemadsorption 
was  set  up,  for  the  determination  of  the  virus  of  Newcastle  dis;ise 
with  the  allantoic  fluid  of  the  infected  embryos  after  2 days  of 
cultivation  the  hemagglutination  reaction  (BOA)  was  sec  vv.> . The 
inactivation  uf  viruses  In  air  was  Judged  by  the  lose  or  infectious 
activity  by  them. 

The  Investigations  were  conducted  with  3 indices  of  r -lr  . i.. 
h validity : 2C-15.  50-55  and  30-65*.  The  lir  temperature  varir.i 

froru  2 9 to  22°. 

As  the  results  of  the  Invest Igatlona  showed.  the  dog  ; of 
inactivation  of  different  viruac3  was  dissimilar.  Ho3t  rapidly 
in  the  air  of  the  chamber  the  viruses  of  paralnfiuenta  and 
respiratory-syncytial  virus  were  inactivated,  for  a more  prolonged 
period  of  time  it  was  possible  to  detect  adenoviruses , entero- 
viruses, and  the  virus  of  Newcastle  disease.  The  degree  of  in- 
a:civation  of  viruses  in  the  aerosol  was  influenced  -significantly 
c y the  relative  humidity.  Thus  adenoviruses  (both  strains)  am*, 
the  ECHO-7  virus  were  inactivated  most  rapidly  with  low  indices 
of  relative  humidity.  With  humidity  within  the  limit  of  2?- 25? 
these  viruses  could  oe  determined  in  the  air  of  the  chamber  for 
only  an  hour.  On  the  contrary,  the  average  and  high  indices  of 
relative  humidity  contributed  to  the  most  prolonged  preservation 
of  the  infectious  activity  cf  these  viruses  in  the  air.  Thus  at 
an  atmospheric  humidity  of  50-55*  both  viruses  were  detected  in 
the  chamber  after  { hours,  and  with  a humidity  of  80-85 % - Ir.- 
certain  canes  rven  In  2ft  hours  after  the  creation  of  che  aerosol 
(see  the  table.). 
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Other  results  were  obtained  during  the  study  of  dynamics  of 
inactivation  in  air  of  the  parainfluenza  and  respiratory-syncytial 
viruses.  On  the  one  hand,  they  turned  out  to  be  slightly  stable 
under  conditions  of  the  air  medium,  cn  the  other  - are  less  sub- 
jected to  the  effect  of  different  relative  humidity.  The  virus 
of  parainfluenza  was  inactivated  most  rapidly  at  moderate  and 
high  relative  humidity  (it  was  detected  only  for  1-1  1/2  hours)* 
while  with  low  relative  humidity  the  degree  of  inactivation  was 
considerably  lower  and  the  /irus  could  be  determined  In  the  air 
ol  the  chamber  for  2 hours  (sue  the  table). 


Dynaaics  ol'  the  inactivation  of  viruses  in  an  aerosol 
at  different  atmospheric  humidity . 
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■ v . fhe  t.ter  tf  viruses  is  expressed  in  the  nega- 
tive lo^aricuou  of  the  CPE^q^  ^ ui  a:i^  lc 

the  geometric  ~oan  of  5-7  series  of  uxperi- 
raentii  on  each  index  of  relative  hurajdity. 

Abbreviation:  wp*Mr  - virus  revealed  only  in  un- 
diluted samples;  -titer  was  not  determined. 

_»*en  lour  utabi  lily  in  the  aerosol  state  is  possessed  by  the 
respiratory -cyncyt ial  virus.  In  the  air  of  a chamber  it  was 
possible  to  detect  it  basically  after  5-30  min  after  the  dispersion 
of  the  viru?  suspension.  Witn  low  relative  humidity  the  titers 
of  the  virus  were  somewhat  higher  than  with  moderate  ar.d  high. 


which  testified  to  the  favorable  effect  of  lew  huu.i.i  i t v . With 
humidity  within  the  limits  of  5?-35  and  80-?3?  the  resciratc.rv- 
syncytial  virus  was  determine  ,nly  in  unci':  it  id  so  iions. 
The  short  period  during  which  the  respiratc-ry-syney  t?  al  vl:*.;s 
i ould  be  detected  in  the  air  o ' the  chamber  Is  con:. •etc.  , o.-* 
the  one  hand,  with  the  high  lability  of  this  virus,  on  the-  or  ne 
- witn  the  low  infectious  titer  of  the  initial  vI:*u5-coi.t:*i\  *•;>. 
i i auid  utilised  for  the  creation  of  the  aerosol  (see  ti  e tal  Lo 


I’ho  virus  of  Newcastle  disease,  unlike  the  parsin'  *’:en.:.> 
and  respirator* --syncytial  viruses,  possessed  high  stability  l*i 
d:-of  let  phase  of  the  aerosol,  and.  Just  as  they  was  les^  -on.) 

* , the  effect  of  different  relative  humidity.  T»v  ilf  fe'.viv 
the  inactivation  of*  the  virus  of  Newcastle  disease  in  .ilr  ‘*»d.  i 
the  action  of  relative  humidity  were  insir.nl  ficant  am:  fluet.u.r 
as  a rule,  within  the  limits  of  1-.'  hours,  However,  the  find* 
tes*  l**iod  to  the  clearly  expressed  tendency  towu.ru  the 
inactivation  of  virus  at  high  and  moderate  relative  humidity 
and  greater  stability  at  low  (see  the  table).  Thus  with  a i:  c.: 
of  30-35X  the  virus  of  Newcastle  disease  was  detected  reg.  ar 
in  air  Tor  3-6  hours,  and  with  a humidity  cf  -0-^3 a-  - for  ‘ ho 
Moreover,  with  low  humidity  the  titer  of  virus  cn  the  avera-e 
7 hours  after  the  dispersion  of  suspension  was  1.6  Ig  T-r’n;-/r,_ 


It  should  be  noted  that  the  greatest  effect  of  relative 
humidity  was  exhibited  in  the  first  seconds  and  minutes  cf  exi 
of  the  virus  aerosol.  This  was  testified  to  by  the  difference 
in  the  titers  of  virus  ir.  the  sprayed  virus-containing  auspens 
and  the  sample  of  air,  obtained  ir»  5 min  after  the  dispersion 
(see  the  tabled.  Thus  under  the  effect  of  1~*.«  relative  humid  1 
the  ECHO-7  virus  was  inactivated  to  the  greatest  degree  - l i ' 


difference  in  titers  was  more  than  3 logarithms,  for  adeneviru 
this  difference  was  4-H.5  logarithms.  Unde.*  unfavorable  con- 
ditions, i.e.,  with  high  and  moderate  relative  humidity,  l!;«* 
difference  I.j  titers  for  the  virus  of*  para  in. 'ir. or.  ■ ' iv  icr...i  * 
logarithms  , anC  for  the  virus  Ilf  Now  ::ist  .to  o l s«.-a:;« ' - « • »r v*  • * 


T-'.t?  .*  ct  ta  1 :;eJ  to  si  i fl « ■ d eb:tl  nun*  virus*  ■.:  . u>  r.  : 1 1 »« 

I-.fectious  activity  ‘.’or  a long  t ime  under  condit ions  •**.'  »;*•  air 

.'ncd i uri1  at  res:.  temperature ..  therefore,  for  a specific  t 1 an.  they 

c-n  const! tut,?  a threat  to  susceptible  contingents.  It  Is  r;~ce,s s&ry 
’ *.ote  that  t hv  viruses  which  retain  infectious  activity  iVr  i 
^tng  t ? aw-  : ' '•  lenovirnses  enter  oviruses  , ami  the  virus 

;<"woa:  t ir  d'se:-::o;  settle  on  t hr  surface  of  surrounding  ctY  ■.  .•  ts  . 
...ilch  In  t :*:t  he  the  secondary  source  of  infection  of  } eerie. 
fr:us  the  di-io-:  crv.ps  of  aerosol  during  dry  cleaning  [dusting]  cm 
raised  ^rer  the  surfaces  (dust  phase  of  aerosol)  into  ih  air 

the  effect  of  its  currents,  supporting  the 
sn  of  viruses  in  enclosed!  promises.  In  the 
•‘uo«.ov Irusca , enteroviruses  and  the  virus  of 

i.  noth  the  droplet  and  dust  phase  of  the  aerosol 
. .surfaces  can  he  important.  The  parairtfinensu 
y**syn -*y t iso.  vl  ruser  are  unstable  in  the  environment , 

..  th  *ref  •->.  i’.-lr  propagation  is  connected  basically  with  the 
■.  r- ir  e : i e*  . contact  route  of  transmission. 
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r ta::t  tactor  of  the  air  medium  which  affects  the 
. ;ise t i v a t Ion  oi  viruses  ir  the  aerosol  state  is 
..".city,  especially  in  the  first  minutes  of  forma- 
rts:.i.  During  this  period  the  greatest  effect  cr. 
f:r  *:.!  ect’ots  activity  of  the  viruses  is  exerted 
Inact  Lv?tlcn  and  the  process  of  settling. 

,;v  Kill*?  and  Artenstein  [12],  who  labeled 
-•  c -one  '.i  the  virus  of  parainfluenza  and 
vttnge “ in  the  content  of  dye  and  infectious 
L:.  air,  the  reduction  in  the  quantity  of 
j because  of  Inactivation  and  to 1 a lesser  degree 
t iir.g . 


*n~  ne":;a:‘:  "r-  1 motivation  of  viruses  in  air  depending  cn 

moderate  ar.  * h:,:h  relative  humidity  is  not  clear.  With  low 
relative  humid :-.y  the  rapid  dehydrati  j:i  of  nucleic  acids  occurs, 
Ln  fn.ai  result  leans  to  the  inactivation  or  vlrusm 

ir.  the  aeroc-.i  state  [l’»J.  This  hypothesis  was  confirmed  by 
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L(y-  experiment of  and  Winkler  L?J  or  u ttKxJei  \!  Un;  pv  i i •-»— 

virus  and  Its  nucleic  acid.  In  which  It  vur.  shown  v*  ?i  the  Inacti- 
vation of  virus  in  the  air  wa?  connected  first  of  c. ■ a \-i~  •.  t 
in  the  structure  of  the  nuclei.'  acid.  However,  c>».  * ho  t '** 

these  investigations  it  is  not  possible  tc  explain  the  acre  r.irld 
inactivation  of  a number  of  viruses  with  high  relative  hnnidi*  y 
and  considerable  stability  with  low.  Data  from  the  literature 
make  it  possible  to  assume  that  the  inactivation  of  viruses  in 
the  air  depending  on  its  relative  humidity  is  connected  largely 
wish  the  struct 'are  of  the  virus  particle.  Thus  the  .luclcoproteins 
of  myxo-  and  paramyxoviruses  (influenza,  parainfluenza  the  virus 
of  Newcastle  disease,  respiratory-syncytial  virus)  are  surrounded 
by  a secondary  membrane  which  contains  proteins,  lipiies,  car- 
bohydrates and  other  cell  components.  Apparently  this  membrane 
protects  the  viruses  from  the  disastrous  effect  of  low  relative 
humidity.  On  the  contrary,  adeno-  ami  enteroviruses  do  s.ot  hnw 
a r.lmliur  membrane,  as  a result  of  whlcT*  with  low  humidity  they 
are  rapidly  inactivated.  A certain  confirmation  of  this  hyrothcji 
are  the  investigations  of  Benbough  [A]:  on  a model  of  purified 

Scmllki  virus  the  author  showed  that  the  removal  of  protein  mi 
salt3  does  net  affect  the  stability  of  a virus  at  low  relative 
humidity,  but  accelerates  its  inactivation  at  high,  while  car- 
bohydrates, especially  inositol.  Increase  the  stability  or  the 
virus  at  low  humidity  and  do  not  affect  infectious  activity  at 
high. 


Thun  the  results  of  the  investigations  conducted  testify 
chat  the  prolonged  preservation  of  infectious  activity  by  viruses 
in  the  air  has  1 specific  epidemiological  significance  and  it 
should  ba  considered  during  the  conducting  of  different  hygienic 
and  disinfecting  measures. 
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. ;.L  degree  of  Inactivation  of  viruses  In  the  ir 
v •’iiie-tceU  l»y  relative  husaidlty. 
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. and  vnterovi rases  are  inactivated  in  I 
. w husidJty  ana  retain  infectious  activity  for 
hears ; at  nl£h  and  node  rate  atmospheric 
:ra  it.:* i aciitia  aue  respiratory-ayncytiax  viruses 
...  .-castle  disease  are  inactivated  aost  rapidly 
_ relative  huitld  * ty  and  are  wr«  stable  lew. 
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tod  with  tue  structure  of  the  virus  particles. 
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